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WHAT IS ALREADY KNOWN ABOUT

• Identifying potentially inappropriate
medications is of central importance in
order to reduce the occurrence of drug-

in older patients.
• Several assessment tools for inappropriate
drug use have been developed over the
past two decades, both in the US and in
Europe.

• Recent reviews have emphasized major
differences in the development, structure
and content of these tools. However, only a

the actual prevalence of potentially
inappropriate drug use according to the
different existing criteria.

WHAT THIS STUDY ADDS

based study used five different sets of
criteria developed in five different countries
to measure the prevalence of potentially
inappropriate drug use among older
people.

• Overall, 16% to 24% of all older adults (≥65
years) in Sweden are exposed to
medications whose expected benefits are
deemed lower than the risks they present.
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THIS SUBJECT

AIMS
The aim was to investigate the prevalence of potentially inappropriate
medication use among older people in Sweden according to five different
published sets of explicit criteria from Europe and the US.
related problems and adverse drug events

METHODS
This was a nationwide cross-sectional, register-based study across the whole of
Sweden in 2008. All individuals aged 65 years and older were included (n = 1
346 709, both community-dwelling and institutionalized persons). We applied
all drug-specific criteria included in the 2012 Beers Criteria, the Laroche’s list,
the PRISCUS list, the NORGEP criteria and the Swedish National Board of Health
and Welfare criteria. The main outcome was the potentially inappropriate drug
use according to each set of criteria, separately and combined. Multivariate lo-
gistic regression models were used to identify individual factors associated with
the use of potentially inappropriate drugs.
handful of original studies have compared

RESULTS
The prevalence of potentially inappropriate medication use varied between the
explicit criteria from 16% (NORGEP criteria) to 24% (2012 Beers criteria). Overall,
38% of the older people were exposed to potentially inappropriate drug use by
at least one of the five sets of criteria. While controlling for other possible
covariates, female gender, institutionalization and polypharmacy were
systematically associated with inappropriate drug use, regardless of the set of
explicit criteria we considered.
• For the first time, a nationwide, population-

CONCLUSION
Although explicit criteria for inappropriate drug use among older people have
been reported to be quite different in their content, they provide similar
measures of the prevalence of potentially inappropriate drug use at the
population level.
acol / 80:2 / 315–324 / 315



• The different sets of criteria we compared
measure the overall exposure to potentially
inappropriate drug use to a very similar
extent (in particular the criteria developed
in Europe), even though these sets of
criteria overlap very little both in content
and in the population they cover.

• This study supports the use of these criteria
by public health policy makers, stakeholders
and researchers to evaluate the quality of
drug use at the population level, especially
in a cross-national perspective. However, at
the clinical level, our results raise important
questions regarding the comprehensive-
ness of each of these tools, and therefore
their applicability in daily practice.

L. Morin et al.
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Introduction

Background
Ageing is often associated with chronic conditions and
multiple morbidities, leading to an increased use of
medications. At the same time, age-related pharmacoki-
netic and pharmacodynamic changes (e.g. denutrition,
increase of the ratio body fat: body water and decline of
liver and renal function) affect the distribution, metabolism
and excretion of drugs [1–3]. As a consequence of this com-
bination, older people are at high risk of drug–drug interac-
tions and adverse drugs reactions [4, 5] that may, in turn,
cause adverse health outcomes, including emergency de-
partment visits, hospitalizations, functional decline and
mortality [6–10]. Drugs are considered to be potentially in-
appropriate for older people when the risk of harmful
effects exceeds their expected benefit for the patient and
when a safer, better tolerated or more effective alternative
drug is available [5]. Identifying these ’potentially inappro-
priate medications’ is therefore of central importance in or-
der to reduce the occurrence of drug-related problems and
adverse drug events in older patients.

Several assessment tools for inappropriate drug use
have been developed over the past two decades, based
on implicit or explicit approaches [11]. The latter usually
consist of a list of medications that have been considered
inappropriate for older people through a literature review
and expert consensus methods. These lists include either
single drug, drug combination or drug–disease criteria. In
contrast to implicit tools (i.e. clinician’s assessment), explicit
criteria are highly reproducible and can easily be applied to
large scale studies of patients with a limited cost [5,12].

Such explicit criteria have been developed in the US
[13–17], Canada [18, 19], Australia [20], Ireland [21],
France [22], Germany [23], Sweden [24, 25], Norway [26],
Italy [27], Austria [28], Thailand [29] and Taiwan [30]. How-
ever, recent reviews have outlined major differences in
the development, structure and content of the published
criteria [11, 31–34]. These discrepancies raise important
concerns about their respective ability to detect poten-
tially inappropriate drug use in older people in different
care settings [35]. Only a few original studies have com-
pared the prevalence of potentially inappropriate drug
use in a single large cohort according to different sets of
explicit criteria [35–38]. These studies have also often been re-
stricted in their generalizability, either by their small sample
size or by their selective study setting. Yet, as these criteria
have become an important tool in geriatric care, comparisons
in large, population-based studies are needed to ascertain
the performance of the individual criteria in detecting
potentially inappropriate drug use and to determine if the
prevalence estimates are consistent across criteria.

Therefore, the aim of the present study was to investi-
gate the prevalence of potentially inappropriatemedication
use among older people in Sweden according to five differ-
ent published sets of explicit criteria, in order to compare
the estimates provided by these criteria. We also examined
individual factors associated with use of potentially inap-
propriate medications based on each of the five sets of
criteria, in order to determine if some of these tools were
more sensitive to older people’s characteristics (i.e. age,
gender, living situation, number of drugs) than others.
Methods

Study population
We used the Swedish Prescribed Drugs Register (SPDR)
to analyze the prevalence of prescribed and dispensed
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drugs to older people aged 65 years and over. This
individual-based register was implemented in 2005 and
covers all prescribed drugs delivered from pharmacies
to the whole Swedish population (9.7 million inhabitants
in 2014) [39]. The SPDR includes, among others, the pa-
tients’ age, gender and place of residence, and detailed
information about the drug and dosage.

In Sweden, drugs are prescribed for a maximum dura-
tion of 3months [40]. For this study, we analyzed informa-
tion related to people aged 65 years and older who were
included in the register between 1 July and 30 September
2008. Based on data about the date of prescription,
amount of delivered drug and dosage of each medica-
tion, a list of current medications for each individual
was computed at the arbitrarily chosen date of 30
September 2008. If the same drug was dispensed more
than once during the study period, it was counted as
one drug [41–43].

In addition, we obtained data on the living
arrangements of each individual by linking the SPDR to
the Swedish Social Services Register, which contains
information about institutional care provided by
municipalities to older people at the national level
(in Sweden, the municipality system includes almost all
elderly care) [44]. The living situation was categorized
into ’community-dwelling’ and ’institutionalized’, accord-
ing to a procedure described elsewhere [43]. After exclu-
sion of records with missing values on the living
situation (n = 855), the study population consisted of
1 346 709 people, accounting for 81.2% of the entire
Swedish population aged ≥ 65 years in September
2008 [45].

Measurements
We included sets of explicit criteria that were developed
in Europe or in Northern America, published in 2005 or
later, and containing a major proportion of drug-specific
criteria, as the Swedish Prescribed Drugs Register does
not include information about the underlying clinical
indications and diagnoses. The STOPP-START criteria,
which contain a majority of drug–disease items could,
for instance, not be computed based on the available
data. Therefore, five different sets of explicit criteria were
included in the comparison:

• The 2012 update of the Beers criteria, released by the
American Geriatrics Society [17]. The first version of
the Beers criteria was issued in 1991 to identify poten-
tially inappropriate medication use among nursing
home residents [13] and was revised in 1997 and 2003
in order to be applicable also for community-dwelling
older people [14, 16]. The fourth revised edition con-
tains 53 individual medications or medication classes
(of which 34 are single drug and drug specific criteria)
that are considered as inappropriate for people aged 65
years and older in ambulatory and institutional settings.
• The Laroche list was published in 2007 and was de-
signed to detect potentially inappropriate drug use for
people aged 75 years and over both in the community
and in nursing home facilities in France [22]. Among
the 34 statements included in this list, 29 are drug-
specific criteria (including 27 single drugs and two drug
combinations).

• The Norwegian General Practice (NORGEP) criteria were
published in 2009, with a focus on older adults aged
≥70 years [26]. This set contains 36 drug-specific criteria
(21 single drugs and 15 drug combinations) deemed to
be potentially inappropriate in general practice.

• The PRISCUS list was established in Germany in 2010
[23]. In this set, 83 drugs or drug classes are considered
potentially inappropriate for all older people aged ≥65
years, regardless of their disease or the clinical condi-
tion, both in the community and in the institutional
setting.

• The updated version of the criteria issued by the
Swedish National Board of Health and Welfare (’Social-
styrelsen’) in 2010 [25]. Eight of these 34 criteria are
drug-specific, including six single drug criteria and
two drug combination criteria [24]. These criteria are
applicable for the entire population aged 65 years and
older, in the community and in nursing home facilities.

All the drug-specific criteria were extracted from each
of these five sets. Corresponding Anatomical Therapeutic
Chemical (ATC) codes and dosages were applied to mea-
sure the prevalence of potentially inappropriate medica-
tion use in our study population. Criteria involving the
disease or the clinical conditions of the individuals were
not considered. For each set of criteria, the overall preva-
lence of potentially inappropriate drug use was defined
as the proportion of individuals exposed to at least one
criterion within the study population.

Statistical analysis
We computed descriptive statistics to measure the
overall prevalence of potentially inappropriate drug use
according to each set of criteria, separately and com-
bined. When applicable, crude proportions were also
used to compare the exposure to single drug and drug
combinations criteria. In addition, we carried out a series
of multivariate logistic regression models to investigate
the associations between the characteristics of the indi-
viduals (i.e. gender, age, living situation and number of
prescribed medications) and the use of at least one po-
tentially inappropriate drug according to each set of
criteria separately. We also examined if these associa-
tions remained stable after combining the sets of criteria
either into an ’alternative’model (i.e. detection by at least
one of the five sets of criteria) or into a ’cumulative’
model (i.e. detection by each of the five sets of criteria).
Adjusted odd ratios (ORs) and 95% confidence intervals
(CIs) were estimated. We used the area under the ROC
Br J Clin Pharmacol / 80:2 / 317



Table 2
Proportion of older people exposed to potentially inappropriate medi-
cations in Sweden, 2008 (n = 1 346 709)

Single
drug criteria

Drug
combinations
criteria

*
Overall
exposure

n % n % n %

L. Morin et al.
curve (AUC) as a proxy to assess the goodness-of-fit of
each model. Finally, we measured the level of agreement
between the different sets of criteria by using both the
sensitivity/specificity and the kappa coefficient. All statis-
tical analyses were performed using SAS JMP v.11.0
(SAS Institute, Inc., USA).

The study was approved by the ethics review board in
Stockholm (Dnr 2009/477-31/3).
NORGEP 126 094 9.4% 120 143 8.9% 215 088 16.0%

PRISCUS 238 387 17.7% - - 238 387 17.7%

Laroche 240 573 17.9% 62 162 4.6% 256 167 19.0%

Swedish National
Board of Health
and Welfare

161 240 12.0% 152 240 11.3% 257 079 19.1%

Beers (2012) 325 256 24.1% - - 325 256 24.1%

At least one of the
five sets of criteria

447 111 33.2% 232 754 17.3% 506 607 37.6%

All the sets of criteria 50 753 3.8% 26 953 2.0% 70 209 5.2%

*The PRISCUS list and the Beers criteria contain no criteria based on drug
combinations
Results

Characteristics of the study population
Table 1 presents the main characteristics of the study
population. The mean (± SD) age was 76.2 (7.2) years
and about 6.4% of the study population lived in nursing
homes. Overall, they received an average (± SD) of 4.6
(3.4) drugs; 42% received five drugs or more and 9.1%
received 10 different drugs or more. The mean (± SD)
number of prescribed drugs was higher among insti-
tutionalized than among community-dwelling elderly
(7.3 ± 3.7 vs. 4.4 ± 3.3, respectively, P < 0.001).

Overall prevalence of potentially inappropriate
drug use
The prevalence of potentially inappropriate medication
use varied from 16% (NORGEP criteria) to 24% (2012
Beers criteria) of the study population (Table 2). The ap-
plication of the criteria from the Swedish National Board
of Health and Welfare provided a prevalence of 19%, very
similar to the prevalence measured by PRISCUS and
Table 1
Characteristics of the study population (n = 1 346 709), Sweden 2008

Male (n = 572 150) Female(n = 774 559)

n % n %

Age (years)

Mean (SD) 75.3 (7.5) - 77.0 (8.1) -

Median (IQR) 74 (12) - 76 (13) -

65 to 74 291 783 51.0% 334 118 43.1%

75 to 84 202 774 35.4% 281 581 36.4%

85 to 94 74 036 12.9% 145 843 18.8%

95 and over 3557 0.6% 13 017 1.7%

Living situation

Home 546 467 95.5% 713 930 92.2%

Nursing home 25 683 4.5% 60 629 7.8%

Number of drugs

Mean (SD) 4.4 (3.3) - 4.7 (3.5) -

Median (IQR) 4 (4) - 4 (5) -

0 23 737 4.1% 24 441 3.2%

1 89 294 15.6% 109 834 14.2%

2 83 619 14.6% 107 868 13.9%

3 77 006 13.5% 99 901 12.9%

4 69 085 12.1% 90 007 11.6%

5 and more 229 409 40.1% 342 508 44.2%

318 / 80:2 / Br J Clin Pharmacol
Laroche’s criteria (18% and 19%, respectively). For single
drug criteria, the prevalence ranged from 9.4% (NORGEP)
to 24% (2012 Beers), and for drug combination criteria
from 4.6% to 11% (Laroche’s and Swedish National Board
of Health and Welfare criteria, respectively).

Overall, 38% of the older people were exposed to po-
tentially inappropriate drug use according to at least one
of these five sets of criteria. 25%were detected by at least
two sets of criteria and 18% by three sets of criteria or
more. Exposure to potentially inappropriate medications
according to all five criteria was prevalent in 5.2% of the
study population (Table 2 and Supplementary material,
Appendix 2). Among the individuals exposed to poten-
tially inappropriate drugs according to any of the five
sets of criteria, 14% were detected simultaneously by all
five sets of criteria, 27% were detected by at least four
sets of criteria and 34% were detected by only one of
the sets of criteria (Supplementary material, Appendix 3).
The most common potentially inappropriate
medications
The most common potentially inappropriate medica-
tions detected by at least one of the five sets of criteria
were benzodiazepines or benzodiazepine-like drugs with
hypnotic or sedative proprieties (zolpidem: 5.4% of all in-
dividuals in total, 2.0% receiving>5mg day–1, oxazepam:
4.6%, 0.01% receiving >60mg day–1, zopiclone: 7.3%,
3.9% receiving >3.75mg day–1). Diazepam was the most
commonly used drug among those deemed inappropri-
ate by all sets of criteria (1.3%) (Supplementary material,
Appendix 1). Overall, drugs with anticholinergic
properties were used by 5.5 % (n = 73,917) of the older
people.
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Factors associated with potentially
inappropriate medications
Overall, whatever the set of criteria, women were more
often exposed to potentially inappropriate drugs than
men (range 18%–27% vs. 13%–21%, respectively). Older
people living in institutions also more often received
these medications than community-dwelling individuals
(range 36–51% vs. 15%–22%) (Table 3). In adjusted multi-
variate logistic regression analysis (Table 3), older age
and higher number of prescribed medications were
independently correlated with an increased likelihood
of being exposed to potentially inappropriate drug use,
regardless of the set of criteria we used to detect this ex-
posure (OR ranges 1.01–1.02 and 1.27–1.67, respectively).
Institutionalization was also significantly associated with
greater odds of being prescribed potentially inappropri-
ate medications (OR range 1.44–2.29).

We also found that most of these associations
remained of similar magnitude when we combined
the criteria in either an ’alternative’ model (i.e. detection
as user of potentially inappropriate drugs by at least
one of the six sets of criteria) or a ’cumulative’ model
(i.e. detection by each of the six sets of criteria). How-
ever, in this second model, higher age was associated
with slightly decreased odds (OR 0.99, 95% CI 0.98,
0.99) of being detected as a potential user of inappro-
priatemedications (Supplementarymaterial, Appendix 2).

Level of agreement between the different sets of
criteria
The overall average sensitivity of the sets of criteria to-
wards each other varied from 48% (NORGEP criteria) to
69% (2012 Beers criteria). The average level of specificity
ranged from 85% (2012 Beers criteria) to 92% (PRISCUS
criteria). The kappa coefficient varied from 0.37 (Swedish
Indicators and 2012 Beers criteria) to 0.75 (Laroche and
PRISCUS lists) (Supplementarymaterial,Appendix4and5).
Discussion

In this nationwide study of 1.3 million individuals aged 65
years and older in Sweden, comparing the analyses by
five different sets of criteria developed in five different
countries, we found that 16% to 24% of all older people
were exposed to potentially inappropriate drug use.

In the community setting, potentially inappropriate
drugs were used by 15% to 22% of the population. This
prevalence is very consistent with the results of a recent
systematic review, which reported a median rate of inap-
propriate medication prescriptions of 20% (IQR 18.1–
25.6%) [46]. In contrast, between 36% and 51% of the
individuals living in institutions received potentially
inappropriate medications, in line with prior studies
conducted in Europe [10, 43, 47–50] and in North America
[19,51]. As expected, the number of prescribed drugs was
positively associated with an increased likelihood of
being exposed to potentially inappropriate medications
[40, 47, 52, 53]. Also, similar to most studies investigating
gender differences [27, 47, 53, 54], women were at greater
risk of being exposed to potentially inappropriate drugs,
even after adjusting for the number of medications used.

However, we found a surprisingly small overlap
between the populations covered by each of the five sets
of explicit criteria we applied in this study. Among peo-
ple exposed to potentially inappropriate drugs according
to any of the five sets of criteria, only 14% were captured
simultaneously by all sets of criteria (while for 34% of
them we found no overlap at all between the different
criteria). In our opinion, this raises important questions
about the comprehensiveness of each of these tools.
The heterogeneity in the lists of medications included
in each of these sets of criteria probably explains most
of these discrepancies. As reported in prior original stud-
ies [35, 36] and systematic reviews [11, 32, 33], only a few
drugs are common to all the lists of potentially inappro-
priate drugs published over the last decade (e.g. diaze-
pam, clomipramine and amitriptyline). Moreover, the
dosage criteria may vary from one list to the other.
Hence, although haloperidol is considered as inappropri-
ate at a dosage >2mg day–1 in the PRISCUS list, there
is no dosage restriction in the Beers criteria. Likewise,
although both Laroche’s and the PRISCUS lists have
deemed zopiclone to be inappropriate in doses
>3.75mg day–1, the NORGEP criteria have established
the threshold at 7.5mg day–1, while neither the Swedish
nor the Beers criteria mention this medication as being
potentially inappropriate. These differences can lead to
considerable variations, especially in the case of
zolpidem (ranging from 5.4% to 1.9%) and oxazepam
(ranging from 4.6% to 0.01%). Moreover, several of the
commonly prescribed drugs are included in only one
of the five sets of criteria we compared, leading to even
more variations, e.g. tramadol, propiomazine (Swedish
criteria), dextropropoxyphene (NORGEP criteria), spiro-
nolactone or risperidone (Beers criteria).

In fact, the most striking finding lies in this apparent
paradox. The different sets of criteria we compared mea-
sure the overall exposure to potentially inappropriate
drug use to a very similar extent (in particular criteria de-
veloped in Europe), even though these sets of criteria
overlap very little both in content and in the population
they cover. In addition, no matter which set of criteria
we applied, we found similar associations between older
people’s socio-demographic characteristics and their use
of potentially inappropriate drugs, suggesting that these
tools are consistent in capturing not only the overall
prevalence of potentially inappropriate drug use but also
the differences across subgroups of the population.
These findings strongly support the idea that besides
their role at the clinical level in identifying inappropriate
use of specific drugs among older people, at a population
Br J Clin Pharmacol / 80:2 / 319
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level these five sets of criteria have the ability to provide
robust prevalence measures within a narrow range
(stretching from a ’minimal estimate’ [NORGEP] to a
’maximal estimate’ [Beers]). In addition, our results sug-
gest that the PRISCUS list, the Laroche list and the
Swedish criteria provide very consistent ’intermediate’
estimates that may prove useful in cross-national com-
parisons at the European level.

Several limitations should be noticed and should call
for caution in the interpretation of our results. First, we
used data from 2008 (last available data at the time this
study was conducted) and the patterns of drug use in
Sweden might have slightly changed since that year, al-
though the overall trend seems to have been relatively
stable between 2008 and 2013 [24].

Second, our findings rely on the exposure to poten-
tially inappropriate drugs for a given period of 90 days,
based on the assumption that the drugs prescribed and
dispensed during that period reflect with accuracy the
actual drug consumption. This means that neither the
drugs prescribed before that 3 month period and con-
sumed at a slower rate than intended, nor the drugs that
were prematurely discontinued during that period would
have been taken into account in our analyses. In addition,
due to the nature of the Swedish Prescribed Drugs
Register, over-the-counter drugs were not included in
the prevalence measures. However, in Sweden almost
all drugs are available only on prescriptions. It should
also be noted that drugs administered during a hospital-
ization and from drug store rooms in long term care facil-
ities are not included in the register, which might have
induced a small underestimation of the use of drugs
among institutionalized people [55].

Third, among the drugs detected by applying the dif-
ferent sets of criteria, several were specific to the Swedish
market (e.g. propiomazine) or to the Swedish national
guidelines (e.g. tramadol). On the other hand, many of
the drugs listed in the different sets of criteria were not
available in Sweden in 2008 (including temazepam,
reserpine, loprazolam, bromazepam and pentobarbital).
The difficulty of applying criteria or quality indicators
developed in other national settings has been reported in
previous studies [35, 56–58] and has led to the develop-
ment of country-specific assessment tools. Differences in
availability of drugs across countries also restrict the gener-
alizability of our results beyond Sweden, especially to non-
European countries. However, again, our findings show a
very similar overall prevalence of potentially inappropriate
drugs use, although the US criteria capture a slightly
broader population compared with the four European lists.

Fourth, the lack of information about the clinical
conditions associated with the use of potentially inap-
propriate drugs is another limitation. In fact, this absence
of information about the chronic illnesses and co-
morbidities of the individuals justifies our choice not to
include the STOPP-START criteria [21, 59], which contain
many drug–disease criteria that make them very valuable
and accurate as a screening tool in the clinical setting
[37, 60–62] but more difficult to use in nationwide
register-based studies. We strongly believe that future
register studies should consider record-linkage methods
to match pharmacy claims data with clinically relevant in-
formation from inpatient and primary care databases, in
order to gain more insight on the disease-specific inap-
propriate medications [63]. Finally, a more general limita-
tion lies in the fact that register-based studies can only
report drug prescription and delivery patterns, and
merely assume that these reflect adequately the actual
use of drugs by the patients (given that adherence to
treatments may vary) [64].

In conclusion, for the first time, a nationwide,
population-based study used five different sets of criteria
developed in five different countries to examine the
prevalence of potentially inappropriate drug use among
older people. Overall, 16% to 24% of the elderly popula-
tion in Sweden is exposed to medications whose ex-
pected benefits are deemed lower than the risks they
present. Although explicit criteria for inappropriate drug
use have been reported to be quite different in their con-
tent and outcomes, they give strikingly similar measures
of the prevalence of potentially inappropriate drug use.

In our opinion, this study supports the use of these
criteria by public health policy makers, stakeholders
and researchers to evaluate the quality of drug use at
the population level, especially in a cross-national per-
spective. However, at the clinical level, our results raise
important questions regarding the comprehensiveness
of each of these tools, and therefore their applicability
in the daily practice.
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